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a  b  s  t  r  a  c  t
Echinostomiasis  is  a food-borne,  intestinal,  zoonotic,  snail-mediated  helminthiasis  caused
by digenean  trematodes  of the  family  Echinostomatidae  with  seven  species  of  the  genus
Echinostoma  infecting  humans  or domestic  and  wildlife  animals.  Echinostoma  paraensei  is
a  peristomic  37-collar-spined  echinostome  belonging  to  the  “revolutum  group”.
Praziquantel  (PZQ)  is  the  drug  of  choice  for  treatment  and  control  of  human  schistosomia-
sis  and  food-borne  trematodiasis.  In the present  study  we  used  scanning  and  transmission
electron  microscopy  to  further  elucidate  the  trematocidal  effect  of  PZQ on  adult  E.  paraensei
and  conﬁrmed  that  this  trematode  is  a suitable  model  to study  anthelmintic  drugs.  Ham-
sters infected  with  E. paraensei  were  treated  with  a  single  dose  of 30 mg  kg−1 of  PZQ.  The
worms  were  recovered  15,  30,  90 and  180 min  after  drug  administration.  There  was  a signif-
icant  decrease  in  worm  burden  in the  small  intestine  in  the hamster-E.  paraensei  model  at
the intervals  of  30, 90  and  180  min  after  the treatment.  The  worms  displayed  damage  of the
peristomic  collar  with  internalization  of  the  spines  and  erosion  of the  tegument  of the  circu-
moral  head-collar  of  spines.  Ultrastructural  analysis  demonstrated  an  intense  vacuolization
of the  tegument,  appearance  of autophagic  vacuoles  and  swelling  of the  basal infolds  of  the
tegumental  syncytium.  There  was no  change  in  the  morphology  of  cells  from  the  excretory
system  of  adult  E. paraensei,  however,  there  was  an  apparent  decrease  of stores  of  glycogen
particles  in  parenchymal  cells  in PZQ-treated  worms.  Our  results  demonstrated  that  PZQ
promotes surface  and  ultrastructural  damage  of  the tegument  of adult  E.  paraensei  suppor-
ting  the  idea  that  this  trematode  may  constitute  a  good  model  to  investigate  drug  effects
mechanisms  in  vitro  and  i
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1. Introduction
Food-borne trematode infections are signiﬁcant pub-
Open access under the Elsevier OA license.lic health problems, most notably in Southeast Asia and
the Western Paciﬁc. Global estimates indicate that more
than 40 million individuals are infected and 750 mil-
lion are at risk (Saric et al., 2009). Echinostomiasis is a
ary ParaJ.P. Gonc¸ alves et al. / Veterin
food-borne, intestinal, zoonotic, snail-mediated helminthi-
asis caused by digenean trematodes mainly of the genus
Echinostoma (Graczyk and Fried, 1998). Echinostomes are
hermaphroditic digenean parasites found worldwide in
avian and mammalian deﬁnitive hosts (Davis, 2005), mor-
phologically characterized by the presence of a head collar
with spines around the oral sucker. The number and
arrangement of collar spines is an important key for tax-
onomic purposes (Toledo et al., 2006).
Echinostoma paraensei Lie and Basch (1967) is a peri-
stomic 37-collar-spined echinostome belonging to the
“revolutum group”. It was  ﬁrst isolated from Biomphalaria
glabrata in Belo Horizonte, Minas Gerais State, Brazil (Lie
and Basch, 1967). Its natural deﬁnitive host was identiﬁed
by Maldonado et al. (2001) as the aquatic rodent Nectomys
squamipes endemic to the Brazilian coast (Bonvicino et al.,
2008).
Praziquantel (PZQ) has a very broad spectrum of activ-
ity against trematodes and cestodes, and it has advantages
such as high efﬁcacy, is well tolerated, has few and tran-
sient side effects, simple administration, and competitive
cost (Cioli and Pica-Mattoccia, 2003; Keiser and Utzinger,
2007). It has become the only anti-schistosomal drug of
choice for treatment against all the major species that
infect humans (WHO, 2002). The exact action mechanism
of PZQ on adult trematodes remains to be elucidated.
Although, PZQ induces a rapid contraction of schistosomes
and alters the tegumental surface (Mehlhorn et al., 1981),
these changes have been attributed to the drug-dependent
disruption of Ca2+ homeostasis (Greenberg, 2005).
For intestinal ﬂuke infections, the World Health Orga-
nization (WHO) currently recommends a single 25 mg  kg−1
oral dose of PZQ (Keiser and Utzinger, 2007). Keiser et al.
(2006) and Ferraz et al. (2012) demonstrated the effect of
PZQ on treatment of Echinostoma caproni and E. paraen-
sei infected mice respectively and that a single dose of
PZQ at 50 or 100 mg  kg−1 resulted in killing all the trema-
todes. Recently Ferraz et al. (2012) showed that E. paraensei
recovered from PQZ treated mice presented morphological
alterations on adult E. paraensei tegument.
Food-borne trematodiasis is emerging public health
problem (Keiser and Utzinger, 2005), and there is consider-
able concern regarding the development of drug-resistant
parasite strains as unexpectedly low cure rates have
been observed in clonorchiasis (Tinga et al., 1999) and
schistosomiasis patients (Doenhoff et al., 2002) fol-
lowing praziquantel administration. Consequently, new
anthelmintic drugs are needed, but the development pro-
cess is long and costly.
Rodents infected with Echinostoma spp. are suitable
models for anthelmintic studies because its life cycle in
the laboratory is relatively simple and this model there-
fore produces rapid results and is more cost effective
than host–parasite models with a longer development
and a more complex life cycle (Saric et al., 2009). More-
over, the Echinostoma-mouse model is not only useful for
anthelmintic studies on echinostomes in vitro, but can also
serve as a prescreening to test for the in vivo trematocidal
activity of different compounds.
Thus the aim of this work is to investigate the tremato-
cidal effect of PZQ on adult E. paraensei worms recoveredsitology 194 (2013) 16– 25 17
from the highly compatible hamster host after PZQ
treatment using scanning and transmission electron micro-
scopies.
2. Materials and methods
2.1. Animals and infections
The life cycle of E. paraensei was maintained in the
Laboratório de Biologia e Parasitologia de Mamíferos Sil-
vestres e Reservatórios – Instituto Oswaldo Cruz – Fiocruz –
Rio de Janeiro, Brazil. Procedures performed using animals
were in accordance with the ethical rules of the Commis-
sion of Ethics in the Use of Animals (CEUA) from Fundac¸ ão
Oswaldo Cruz (permit LW-0020/10).
Adult E. paraensei were collected during necropsies from
the lumen of small and large intestines of 2-week-old
hamsters (Mesocricetus auratus) experimentally infected
by oral feeding with 100 metacercariae and using snails
(B. glabrata) as ﬁrst and second intermediate hosts (Souza
et al., 2011).
2.2. Drugs
Praziquantel (PZQ) was purchased from Merck (Cestox®
– Merck). For oral administration PZQ was dissolved in 2%
Cremophor-EL (Sigma Chemical Co., St Louis, MO,  EUA) and
water to generate concentrations of 10 mg/mL  (Fallon et al.,
1995).
2.3. Treatment of E. paraensei infected hamsters and
worm recovery
Two weeks after the infection, the animals were treated
with a single oral dose of 30 mg  kg−1 PZQ (Keiser and
Utzinger, 2004) dissolved in 2% Cremophor-EL adminis-
tered by gavage. Three to ﬁve hamsters were euthanized in
a CO2 chamber and necropsied at intervals of 15, 30, 90 and
180 min  after the treatment and the worms were recov-
ered. Infected untreated hamsters were used as a control
group. The worms were collected from the lumen of small
and large intestines and counted.
For statistical analyses we used the Primer software
package (McGraw Hill version 1.0) applying the One-Way
ANOVA and post-test Bonferroni and P values were con-
sidered statistically signiﬁcant at P < 0.05. The results were
expressed as raw values or a percentage reduction of
worm burden at each time interval in comparison with the
untreated control hamsters.
2.4. Scanning electron microscopy
For SEM, the adult worms were gently transferred to
a Petri dish and washed with NaCl 0.9% and immediately
ﬁxed in AFA solution (Mafra and Lanfredi, 1998), then
washed in 0.1 M cacodylate buffer, pH 7.2, postﬁxed in
a solution containing 1% osmium tetroxide (OsO4) and
0.8% potassium ferricyanide (K3Fe(CN)6) in 0.1 M cacody-
late buffer. After which the worms  were dehydrated in
a graded ethanol series (30–100%), critical point dried in
CO2, mounted on stubs, gold sputter-coated, and examined
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Table  1
Effect of Praziquantel (30 mg  kg−1) in the mean worm burden of Echinostoma paraensei recovered from small and large intestine after treatment of hamster
experimentally infected with 100 metacercariae at the intervals of 15, 30, 90 and 180 min.
Treatment Recovery post
treatment
No of hamster
investigated
Mean worm burden in
small intestine
(mean ± SEM)
Total worm burden
reduction in small
intestine (%)
Mean worm burden in
large intestine
(mean ± SEM)
p Value
Control 5 57.40 ± 6.10 0.00 ± 0.00
Praziquantel 15  min 3  46.00 ± 25.51 20 0.00 ± 0.00 p > 0.05
30  min 5 0.00 ± 0.00 100 41.40 ± 8.00 p < 0.05
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180  min  5 0.00 ± 0.00 
sing a Jeol JSM 5310 scanning electron microscope and a
EI Quanta 250 scanning electron microscope.
.5. Transmission electron microscopy
For TEM, worms were transferred to a Petri dish with
.9% NaCl and gently washed. Fixation was performed in
.5% glutaraldehyde +4% freshly prepared formaldehyde in
.1 M cacodylate buffer, pH 7.2. Worms  were then dissected
nto oral cone, anterior midbody, posterior midbody and
ail regions, and transverse slices (1 mm thick) were taken
rom these sections. These specimens were then washed in
.1 M cacodylate buffer, pH 7.2, postﬁxed for 1 h in a solu-
ion containing 1% OsO4, and 0.8% potassium ferricyanide
K3Fe(CN)6) in 0.1 M cacodylate buffer, pH 7.2, dehydrated
n a graded series of acetone (30–100%), and embedded in
purr resin. Thin sections were collected on copper grids,
ounterstained with uranyl acetate and lead citrate and
hen observed in a Jeol 1200 TEM. The measurements were
ade in iTEM Olympus Soft Imaging Solutions 5.0.
.6. Cytochemistry
After processing for TEM, thin sections were col-
ected on gold grids and submitted to the periodic
cid-thiosemicarbazide-silver proteinate method to locate
arbohydrates (Thiery, 1967). The gold grids were ﬁrst
ncubated with 1% periodic acid for 20–30 min, washed in
ater and incubated in 1% thiosemicarbazide diluted in
0% acetic acid for 40 min. Then after exhaustive wash-
ng in distilled water the grids were incubated in 1% silver
roteinate for 30 min  in the dark. Subsequently they were
ashed three times in distilled water and then observed in
 Jeol 1200 TEM without further staining. Controls included
he omission of either periodic acid or thiosemicarbazide
ncubation.
. Results
The distribution of E. paraensei adult worms in the
mall and large intestines of infected hamsters is shown
n Table 1. The data demonstrates that the main habitat
f the worms was the small intestine (mean worm bur-
en 57.40 ± 6.10). No worms were recovered in the large
ntestine in animals from the untreated control group.
The results of the treatment with a single oral dose of
0 mg  kg−1 of PZQ demonstrated the effectiveness of this
rug in decreasing worm burden in the small intestine in100 40.00 ± 9.03 p < 0.05
100 15.80 ± 3.83 p < 0.05
the hamster-E. paraensei model. A single 30 mg  kg−1 oral
dose of PZQ resulted in 100% worm burden reduction in
the small intestine at the intervals of 30, 90 and 180 min
after the treatment of the hamsters. This reduction was
statistically signiﬁcant in relation to the untreated control
hamsters. There was  a statistically signiﬁcant increase in
the number of worms recovered from the large intestine at
30, 90 and 180 min  after treatment.
3.1. Scanning electron microscopy
Worms  recovered from untreated hamsters exhibited a
typically normal topographic morphology when examined
by scanning electron microscopy. The anterior region of the
elongated body showed lateral borders curved ventrally
on the longitudinal axes, enlarging from the acetabulum
onwards. The oral sucker was well deﬁned and it merged
with the collar. The collar of spines was  complete; how-
ever, the dorsal spines were smaller (Fig. 1A–C). The dorsal
and laterodorsal spines may  appear as scales (Fig. 1D).
After 15, 30, 90 and 180 min  of PZQ treatment in vivo
the most signiﬁcant changes in E. paraensei tegumental
surface were peeling (Figs. 1E and F and 2C–F) and ero-
sion (Fig. 2B–D) in the region of circumoral head-collar
of spines and oral sucker (Fig. 2C, D and F). Moreover, 15
and 30 min  after PZQ treatment the tegument region con-
taining the collar of spines became severely swollen and,
as result, the spines were submerged by the surrounding
tegument (Figs. 1E and 2A). The most severe disruption of
the tegumental surface occurred in the anterior region of
E. paraensei 90 min  after treatment with PZQ. There was  a
total destruction of collar of spines accompanied by severe
swelling, extensive peeling and erosion of the tegument
(Fig. 2C and D). Although the surface of the tegument con-
taining the collar of spines was damaged, no blebbing of
the tegument was  evident (Figs. 1 and 2).
3.2. Transmission electron microscopy
Untreated worms presented normal tegumental syn-
cytium in all specimens examined and it varies in thickness
from 7 to 15 m (Fig. 3A). The external surface of the worms
has a deﬁnite plasma membrane which invaginates along
its length. When examined at higher magniﬁcation, the
tegumental syncytium was seen to contain many secre-
tory bodies that we  named as T1 and T2 like in Fasciola
hepatica (Bennett and Threadgold, 1975). We also observed
a large amount of mitochondria (Fig. 3A, inset 1). The T1
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Fig. 1. (A–D) Scanning electron micrographs (SEMs) of 2-week-old Echinostoma paraensei from untreated hamsters. (A and B) Ventral view showing oral
sucker (OS), collar of spines (CS) and acetabulum (AC) (bar 500 m and 100 m).  (C) Lateral view showing the collar of spines (CS) (bar 200 m). (D)
Lateral  (ls) and laterodorsal (lds) spines with scale-like form (bar 100 m).  (E and F) Scanning electron micrographs (SEMs) of 2-week-old E. paraensei
recovered 15 min  after treatment of hamsters with 30 mg  kg−1 Praziquantel (PZQ). (E) Lateral view showing the tegument erosion (star) in collar of spines
50 m)
 (star) ((bar  200 m).  (Inset 1) A high-power micrograph of swollen spines (bar 
(bar  300 m). (Inset 2) A high-power micrograph of the tegument erosion
secretory bodies are ovoid dense granule bodies that mea-
sured approximately 0.11 m wide and 0.16 m long and
are surrounded by a typical membrane. The T2 secretory
bodies are biconcave discoid in shape which measured
about 0.03 m wide and 0.19 m long and have a thin
dense lamina lining (Fig. 3A, inset 2). Below the tegumental
syncytium we observed the muscular layer (Fig. 3A).
After 15, 30, 90 and 180 min  of PZQ treatment in vivo
the most signiﬁcant change in the tegument of E. paraensei.  (F) Lateral view showing the tegument erosion (star) in collar of spines
bar 20 m).
included vacuolization (Fig. 3). In all times after treatment
the vacuolization was  seen but this effect was more pro-
nounced (the vacuoles were more numerous) after 90 and
180 min  of PZQ treatment, indicating that the intensity
depend on the time. The adult E. paraensei treated with
30 mg  kg−1 of PZQ and recovered 15 and 30 min  after treat-
ment showed that the vacuoles present in the tegument
had mitochondria inside (Fig. 3B, D and E). Cytoplasmic vac-
uolization and autophagic vacuoles were especially seen
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Fig. 2. (A and B) Scanning electron micrographs (SEMs) of 2-week-old Echinostoma paraensei recovered 30 min  after treatment of hamsters with 30 mg kg−1
Praziquantel (PZQ). (A) Detail of swollen tegument and smaller spines (s) (bar 50 m). (B) Dorsal view showing swelling of the tegument, loss of spines
and  erosion (er) (bar 50 m).  (C–D) Scanning electron micrographs (SEMs) of 2-week-old E. paraensei recovered 90 min after treatment of hamsters with
30  mg  kg−1 Praziquantel (PZQ). (C) Ventral view showing the destruction of anterior region of E. paraensei (bar 500 m).  (D) Detail of anterior region
destructed (bar 200 m). (E and F) Scanning electron micrographs (SEMs) of 2-week-old E. paraensei recovered 180 min after treatment of hamsters with
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s0  mg  kg Praziquantel (PZQ). (E) Micrograph showing erosion (e) of t
0  m). (F) Ventral view showing erosion (e) of tegument in collar of spin
bar  40 m).
t the base of syncytium. After 90 and 180 min  of PZQ
reatment the vacuoles did not show any internal content
Fig. 3F and G). The vacuolization seems to start along the
asal lamina and then spread to the surface (Fig. 3D and
). Intense swelling of the basal infolds in the tegumental
yncytium was observed (Fig. 3G).t (bar 100 m).  (Inset 1) Detail of erosion (e) of surface tegument (bar
oral sucker (OS) (bar 200 m). (Inset 2) Detail of erosion (e) of tegument
A decrease in T1 and T2 secretory bodies was  observed
in the tegument after PZQ treatment when compared to the
control worms. Most of the secretory bodies were damaged
and fragmented (Fig. 3C, inset 3).
The treatment did not interfere with the muscle layers
localized below the tegument.
J.P. Gonc¸ alves et al. / Veterinary Parasitology 194 (2013) 16– 25 21
Fig. 3. (A) Transmission electron micrographs (TEMs) of 2-week-old Echinostoma paraensei from untreated hamsters. (A) Tegument (T) showing syncytial
and  muscular layers (M)  (bar 100 m).  (Inset 1) Detail of mitochondria (bar 0.5 m).  (Inset 2) Detail of T1 and T2 secretory bodies (bar 0.5 m).  (B–G)
Transmission electron micrographs (TEMs) of 2-week-old E. paraensei recovered 15, 30 (B–E), 90 and 180 (F and G) min after treatment of hamsters with
30  mg  kg−1 Praziquantel (PZQ). (B) Tegument (T) with vacuoles (bar 2 m).  (C) Presence of degraded T1 secretory bodies in tegument (T). Note muscle layer
(M)  beneath the tegument (bar 1 m).  (D and E) Presence of autophagic vacuoles with many mitochondria (m)  in tegument (T). The vacuoles start along
cuolizat
m).  (Inthe  basal lamina above the muscle layer (M). (D and E – bar 1 m).  (F) Va
Tegument with vacuoles (V) and swelling of the basal infolds (BI) (bar 2 
1  m).
As seen by SEM only part of the tegument was affected
so that only in some sections pronounced vacuolization
was observed.The primary elements of the excretory system, the ﬂame
cells and tubules, were usually formed by a single cell with
its arms encircling the lumen. The ﬂame cells are attached
to excretory tubules; from the luminal plasma membraneion (V) of tegument (T) that starts along the basal lamina (bar 2 m).  (G)
set 3) Presence of degraded T1 and T2 secretory bodies in tegument (bar
lamellar surface projections toward the lumen (Fig. 4A).
The parenchymal cells localized close to excretory system
were ﬁlled with large stores of glycogen and the cells from
the excretory tubules also contain lipid droplets (Fig. 4A).
After 15, 30, 90 and 180 min  of PZQ treatment in vivo
no changes in the morphology of cells from the excretory
system were seen (Fig. 4B and C).
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Fig. 4. (A) Transmission electron micrographs (TEMs) of excretory system of 2-week-old Echinostoma paraensei from untreated hamsters. (A) Presence
of  ﬂame cells (Fc) and the luminal plasma membrane with projections (P) toward the lumen. Presence of lipid droplets (Ld) in excretory tubules and
mitochondria in cytoplasm of excretory cells (bar 2 m).  (B and C) Transmission electron micrographs (TEMs) of excretory system of 2-week-old E.
paraensei recovered after treatment of hamsters with 30 mg  kg−1 Praziquantel (PZQ). (B) Excretory tubule forms by a single cell with nucleus (N). Presence
of  ﬂame cells (Fc) and the luminal plasma membrane with projections toward the lumen (bar 2 m).  (C) Excretory tubule forms by a single cell with
nucleus (N). Luminal plasma membrane with projections toward the lumen. Note the large stores of glycogen (*) (bar 2 m). (D–F) Transmission electron
micrographs (TEMs) of 2-week-old E. paraensei recovered from untreated and treated hamsters with 30 mg kg−1 Praziquantel (PZQ) submitted to the
periodic acid-thiosemicarbazide-silver proteinate technique for detection of carbohydrates. (D) Transmission electron micrographs (TEMs) of 2-week-old
E.  paraensei recovered from untreated hamsters showing normal excretory system with large stores of glycogen (*) (bar 5 m). (E and F) Transmission
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xcretory system with large stores of glycogen (*) (bar 2 m).  (F) Normal 
.3. Cytochemistry
To conﬁrm if the dense electron structures found
n parenchymal cells close to excretory system cor-
esponded to glycogen particles we used the periodic
cid-thiosemicarbazide-silver proteinate method previ-
usly shown to detect them (Thiery, 1967). No reaction
roduct was observed in the control grids where either
he periodic acid oxidation step or the thiosemicarbazide
ncubation was omitted (data not shown). In untreated
chinostomes this method evidenced the presence of large
tores of glycogen in parenchymal cells near the lumen
f tubules of excretory system (Fig. 4D). After 15, 30 andnt of hamsters with 30 mg  kg−1 Praziquantel (PZQ) showing (E) Normal
ry system with an apparent decrease in stores of glycogen (*) (bar 2 m).
90 min  of PZQ treatment there was no change in stores
of glycogen in these cells (Fig. 4E). After 180 min of treat-
ment there was an apparently decrease in the amount of
glycogen particles (Fig. 4F).
4. Discussion
Despite being used for the treatment of echinostomi-
asis, the effect of PZQ on Echinostoma spp. has not yet
been well characterized. Keiser et al. (2006) demonstrated
the effect of PZQ on 4-week old E. caproni recovered 3
days after the treatment and showed that a single dose of
PZQ at 25, 50 or 100 mg  kg−1 resulted in signiﬁcant worm
ary ParaJ.P. Gonc¸ alves et al. / Veterin
burden reduction and the latter two doses resulted in
killing of all trematodes. Ferraz et al. (2012) demonstrated
the effect of PZQ on 2-week old E. paraensei recovered 2
days after infected mice treatment and showed that the
same doses used in E. caproni reduced signiﬁcantly the
recovery of adult worms. Our results demonstrated that
a single dose of PZQ at 30 mg  kg−1 caused signiﬁcant worm
burden reduction after 30, 90 or 180 min  of treatment. The
elimination of adult E. paraensei after infected hamster PZQ
treatment occurred more quickly than the two days that
was observed by Ferraz et al. (2012) using infected mice.
Absorption of PZQ after oral administration is rapid
(maximal serum concentration is reached in 1–2 h) and
almost complete (80–100% of the intravenous dose). After
oral administration of a single dose of 30 mg  kg−1 to lambs,
the PZQ plasma concentration was low and the reaching a
Cmax of only 0.34 ± 0.01 g/mL at 0.25 h and that t1/2 was
0.50 ± 0.05 h (Giorgi et al., 2001). Schistosomes exposed
in vitro to labeled PZQ were shown to take up the drug
rapidly and to concentrate it about 3 times in relation
to the medium (Andrews et al., 1980). As PZQ is rapidly
absorbed and metabolized by the host, in the present study
we observed a rapid effect of PZQ, which means a signiﬁ-
cant elimination of E. paraensei after 30, 90 and 180 min  of
PZQ treatment.
While the concentration of PZQ required to kill mature
schistosomes in vitro is much higher than the maximal
plasma concentration obtained in humans, it is not clear
how PZQ acts in vivo to kill schistosomes directly (Aragon
et al., 2009). Pica-Mattoccia and Cioli (2004) observed that
exposure of schistosomes to ‘therapeutic’ doses of PZQ
for extended periods of time in vitro, does not seem to
be enough to kill them. This suggests that the sufﬁcient
concentration to cause muscle contraction and paraly-
sis of schistosomes is not related to worm death in vivo
(Andrews, 1981). Similar observations were made in the
present study, showing that PZQ treatment causes the total
elimination of adult E. paraensei but we still do not know if
the worms were already dead.
PZQ administration is rapidly followed by a shift of
schistosomes to the liver (Cioli et al., 1995). The imme-
diate modiﬁcations that can be observed in schistosomes
exposed to the drug are vacuolization of parts of the
tegument and surface blebbing, especially in male worms
(Becker et al., 1980; Mehlhorn et al., 1981). After treatment
of Schistosoma mansoni infected mice with two doses of
300 mg  kg−1 PZQ, the early effects observed were appear-
ance of surface blebs, swelling of tubercles, with the
increased rupture of the surface blebs the male worm
tegument appeared destroyed, revealing the muscle layer
beneath (Liang et al., 2001).
In addition to the effect on S. mansoni, PZQ causes similar
morphological alterations on the tegument of other trema-
todes. After in vivo treatment of S. mekongi parasitism with
a single dose of 300 mg  kg−1 PZQ, there was damage to
the dorsal surface of the tegument such as swelling and
shortening or even loss of spines on the surface and pres-
ence of blebs around the tubercles (Jiraungkoorskul et al.,
2005). After in vitro exposure to increasing concentrations
of PZQ for 60 min  there was vacuolization of the tegu-
ment of Dicrocoelium dendriticum (Becker et al., 1980) assitology 194 (2013) 16– 25 23
well as in Metagonimus yokogawai and Paragonimus west-
ermani, while no changes was observed in the tegument of
F. hepatica after treatment with PZQ (Mehlhorn et al., 1983).
Schistosoma haematobium presented blebs, spine deformi-
ties on the tegumental surface and tegumental swellings
after PZQ treatment in vivo half an hour after administra-
tion (Awadalla et al., 1991).
Adult E. paraensei recovered from mice treated with
25 mg  kg−1 PZQ presented pronounced changes in the peri-
stomic collar, which also had larger vesicles and peeling of
the tegument, and the spines showed intense retraction
(Ferraz et al., 2012). Our results, using SEM, demonstrated
the peeling and erosion of the tegumental surface and
swelling of spines, both in the collar of spines region and
the eventually erosion of the oral sucker after PZQ treat-
ment. These morphological alterations on the surface of
the worm are similar to those found in other trematodes,
however surface blebs were not seen.
Transmission electron microscopy images were taken
from the anterior oral cone region of worms as this was
consistently the most affected region seen by SEM. These
morphological alterations on worm surfaces at the region
of collar of spines is an important event for host parasito-
logical cure, since the worms  adhere to the small intestine
mucosa by their oral suckers and spines (Toledo et al.,
2006). This alteration of oral sucker and collar of spines
seems to be responsible for the detachment of E. paraensei
from the intestinal mucosa and elimination of worms from
the small intestine.
Although PZQ has been used routinely in humans for
over 20 years, its precise mechanism of action has not yet
been identiﬁed (Aragon et al., 2009). An early effect of
this drug is to cause the contraction of schistosomes and
males present extensive vacuolization in the basement of
the tegument, while females appear to be more affected
in the subtegumental layers (Cioli et al., 1995). The appear-
ance of blebs on the surface of schistosomes seems to reﬂect
a progression of the vacuolization process from the inter-
nal to the external side of the syncytium. These processes
appear to be very rapidly, since it was observed 15 min
after PZQ administration to the mouse. Our results, using
TEM, demonstrated a vacuolization of tegumental surface
as early as 15 min  after treatment with PZQ. The formation
and bursting of numerous vacuoles (seen by TEM) may  have
caused the partial denudation of E. paraensei, as observed
by SEM.
In E. paraensei recovered 15 and 30 min  after PZQ treat-
ment we  observed the presence of autophagic vacuoles
containing mitochondria in the base of syncytium. The
autophagic type of death was characterized by autophagic
capture of organelles and particles, substantial expansion
of the lysosomal compartment including primary lyso-
somes, autophagic vacuoles and secondary lysosomes, and
the collapse of the nucleus (Lockshin and Zakeri, 2004).
Organelles with some failure in their metabolism are tar-
geted and appeared to be eliminated in waves (Locke and
McMahon, 1971).The tegumental syncytium contains small mitochondria
and two different types of secretory inclusions, the T1 and
T2 secretory bodies. These secretory inclusions are synthe-
sized in the subtegumental cells (cytons) arising from Golgi
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odies and transported to the syncytium through cyto-
lasmic channels (Thompson and Geary, 1995). After PZQ
reatment the T1 and T2 secretory bodies seem to lose their
ontent. Reductions in the number of secretory bodies may
recede the loss of the tegumental syncytium, as the secre-
ory bodies are vital components in the maintenance of the
yncytial layer (Fairweather et al., 1999).
The mode of PZQ action remains incompletely deﬁned
Doenhoff et al., 2008). The studies with S. mansoni showed
hat effects like contraction and vacuolization are closely
elated phenomena and that both require Ca2+ (Bricker
t al., 1982). But it has also been suggested that PZQ could
ct by different mechanisms and completely inhibited
he excretory system of S. mansoni (Oliveira et al., 2006).
owever in this study we did not observe morphological
lterations in the excretory system of E. paraensei. But this
ack of alteration may  be due the relatively short incubation
imes used in this study.
The tegument of S. mansoni and other trematodes plays
 vital function in immune evasion/modulation and nutri-
nt uptake thus ensuring worm survival (Walker, 2011).
he damage to the tegument affects the functions such as
bsorption, excretion and secretion of the worm, which
ay  be involved in the carbohydrate metabolism, nucleic
cid metabolism, and ATP metabolism of the parasites
Andrews, 1985; Xiao, 2007). A number of metabolic alter-
tions have been observed in schistosomes exposed to PZQ
Andrews, 1985). Glucose uptake, lactate excretion and
lycogen content are all decreased (Harder et al., 1987). The
pastic muscle contraction caused by PZQ can be expected
o alter glycogen content and energy metabolism and the
nﬂuence of tegument integrity on absorption phenomena
s self-evident (Cioli et al., 1995).
Our results demonstrated the damage to the tegumental
yncytium and an apparent decrease of stores of glycogen
n parenchymal cells after PZQ treatment. This apparent
ecrease in stores of glycogen after PZQ treatment can
e linked to the increase of Ca2+ in the cytoplasm of the
egument, as cellular alterations are calcium-dependent in
any systems (Schanne et al., 1979). Enzymes like glyco-
en phosphorylase, glycogen synthase and protein kinases
re also regulated by various modulators, for which Ca2+
lays a key role (Bollen et al., 1998). These effects on Ca2+
omeostasis and metabolic processes may  be occurring in
. paraensei, since changes in the tegument of E. paraensei
ere more evident after PZQ treatment when an apparent
ecrease of glycogen was seen.
In conclusion this study demonstrated the temporal
ffect of PZQ on E. paraensei after treatment of infected
amsters and also the morphology of adult worms. SEM
nd TEM examinations revealed the damage and vac-
olization of the tegumental syncytium of the worm and
o alterations in ultrastructure of tubules of excretory
ystem. The cytochemical analysis revealed the appar-
nt decrease of stores of glycogen in parenchymal cells
n PZQ-treated worms. The effects of PZQ on E. paraen-
ei correspond to the effects in other trematodes and
he echinostomicidal property of PZQ support the idea
hat adult E. paraensei may  constitute a good model
o investigated drug effects mechanisms in vitro and
n vivo.sitology 194 (2013) 16– 25
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